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ABSTRACT 
 
Background: To date, the ACGME (Accreditation Council for Graduate Medical Education) has not yet 
set guidelines for training medical students on the safe and effective use of diagnostic ultrasound (US) in 
the clinical and pre-clinical years.  Thus, we sought to determine when and if current residents and 
physicians have received prior training in US.  Also, we sought to determine which US competencies are 
pertinent to various specialties both to the current practice of residents, fellows and attendings in 
comparison to the future practice of medical students.  Our future aim is to apply our findings to the 
current US elective offered to UNC- CH (University of North Carolina at Chapel Hill) medical students 
with implications for future national guideline development for training medical students in focused US.  
Methods: A one-time cross sectional observational study consisting of an online survey instrument 
comprising 34 questions administered via Qualtrics® survey software. Survey items were developed with 
the aid of two accredited emergency medicine physicians.  All statistical analysis was conducted via 
STATA® Software using mean, standard deviation, t test, and chi-square where appropriate. A total of 79 
out of 80 responses were included for analysis.  One medical student response was excluded. Inclusion 
criteria were resident, fellow and attending physicians at UNC and Wake Med Hospitals in Chapel Hill 
and Raleigh NC.  Exclusion criteria included medical students and other healthcare providers other than 
physicians.  Also, physician responders from the departments of radiology and psychiatry were excluded 
because of specialized training in ultrasound or infrequent use in clinical duties respectively.  All free 
response data were not included in this analysis for the purposes of this master’s paper submission.  
Results:  A total of 79 resident, fellow, and attending physicians participated in this survey study with an 
overall response rate ranging from 7.9% (79 out of 1000) to 15.8% (79 out of 500). The majority of 
participants were female 45 (61.6%) vs male 27 (36.9%), attending physicians 52 (65.8%) vs resident 
physicians 38 (48.1%). The majority of participants were from the departments of family medicine 26 
(32.9%), internal medicine 19 (24.0%) and pediatrics 21 (26.5%).  Most of the participants in the study 
46 (63%) had never received formal US training and those who received prior training 27 (36.9%) 
reported that it was more likely mandatory 16 (61.54%), and have occurred during residency 16 (61.5%) 
the duration of which is less than one day 9 (34.62%).  57 (81.4% out of 70) respondents thought that 
training medical students to apply basic ultrasound techniques will be an important requirement for the 
future practice of medicine in their respective fields. In five US based procedures, the future practice of 
medical students was compared to the current US based proficiency requirement of residents and 
fellows: basic cardiac exam 32 (46.4%) vs 4 (7.27%), central line placement 33 (47.8%) vs 35 (54.7%), 
peripheral line placement 39 (56.5%) vs 4 (6.06%), basic abdominal pathology identification 39 (55.7%), 
and Deep Venous Thrombosis Identification 23 (33.8) vs 1 (2.33%). A total of 43 participants reported 
that they would need a mean of 44.3 (95% CI 36.2-52.3) repetitions in order to interpret an US image for 
a specific condition without assistance as compared to a mean of 38.7 (95% CI 31.4- 45.9) to obtain an 
US at bedside without assistance for a specific condition.   
 
Conclusions:  The majority of respondents felt that focused US education for medical students will be 
essential in their field of practice regardless of whether they have received prior US training themselves.  
The majority of respondents did not receive US training themselves and if they did, it was of a short 
duration.  We have also gained insights as to which US based procedures are currently meaningful to 
practicing clinicians with some indication of challenges to a vertical US curriculum including time 
constraints, faculty development as well as hospital wide availability of hand held US devices.   
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INTRODUCTION 
 
Traditionally, clinical use of ultrasound (US) required the expertise of specialists such as 
radiologists who focused on the acquisition and interpretation of images from a very broad array of 
clinical situations that did not necessarily correlate with a specific clinical condition.  However, more 
recent terms such as “focused ultrasound”, “point-of-care ultrasound”, and “bed-side ultrasound” are 
synonymously used to refer to a limited but practical scope of ultrasonic knowledge to evaluate patients 
in clinical settings and produce diagnostic information to directly inform or change clinical management 
(Hoppmann et al. 1-12).  Focused bedside US use is now the standard of practice in many areas of 
medicine including evaluation of trauma patients, central venous catheter placement, hepatocellular 
carcinoma screening and volume responsiveness in critical care patients (Bahner et al. 2013-2016; 
Leung, Duffy, and Finckh 540-547).  This approach to the use of US has sparked rapid developments in 
mobile and hand held US technology making it accessible to non-traditional users such as primary care 
physicians, residents and medical students (Hoppmann et al. 1-12; Manasia et al. 155-159).   
Increasing adoption and utility of focused US prompted the ACGME to set guidelines for focused 
ultrasound training for graduate and post graduate education (residents and attending physicians 
respectively) in high US utilizing specialties: emergency medicine, obstetrics and gynecology, Internal 
medicine and Radiology (Bahner et al. 2013-2016).  In contrast, the ACGME has not yet set guidelines for 
broader and more expansive training on the acquisition of US procedural skill and interpretation (4) (5).   
Similarly, focused US has slowly gained traction in undergraduate medical education, however, national 
guidelines have not yet been developed to set standards for the purposes of implementation into the 
curriculum and bedside training (Baltarowich et al. 13-19).   
A national survey from 82 (61.2%) of the 134 fully accredited U.S. medical schools in 2011 
showed that although 78.9% of respondents agreed that US should be a part of undergraduate medical 
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Education,  only 62.2% have integrated US into their curriculum at all (Bahner et al. 2013-2016).  
Reported barriers to implementation included concerns about addition of content to already 
oversaturated curricula, lack of funding for faculty hiring and training, purchase and upkeep of US 
machines as well as the existence of only a few mature US curriculums with which to model integrated 
US competencies (Bahner et al. 2013-2016). Moreover, the length and purpose of the available curricula 
were highly variable ranging from one month to four years; while the purpose of US ranged from 
teaching basic science curriculum to mastery of US image acquisition and interpretation beyond basic 
bedside use (Bahner et al. 2013-2016; Bahner and Royall 206-213). Thus, while the general consensus is 
that US should be integrated into the undergraduate medical education, the purpose, methodology, and 
funding for integration are extremely variable, with limited data on the long-term effects on clinical 
practice.   
THEORETICAL PERSPECTIVE 
 
In 2006, the USC SOM (University of South Carolina School of Medicine) introduced an 
integrated ultrasound curriculum beginning from the first year of medical school based on the focused 
ultrasound training program for emergency room physicians and residents (Hoppmann et al. 1-12).  The 
purpose of this curriculum varied by year of instruction and ranged from augmentation of students’ 
understanding of human anatomy and physiology to clinical assessment using a FAST (focused 
abdominal sonography for trauma) examination for a trauma patient and to assess for cardiogenic shock 
(Hoppmann et al. 1-12).  Instructors had better than a 90% response rate on student feedback, and 
94.6% of respondents reported that the US curriculum enhanced their medical education by enhancing 
their physical exam skills (92%) and increased correlation with basic science instruction (90.7%) 
(Hoppmann et al. 1-12).   Students in the curriculum performed very well on OSCE examinations 
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(objective standardized clinical exams) with mean scores of 97.07 and  95.4 for first and second year 
medical students during the four years of implementation respectively (Hoppmann et al. 1-12).   
The USC SOM curriculum is one of the very few established four year US curricula to our 
knowledge and it has demonstrated the feasibility of integrating ultrasound education in the 
undergraduate medical curriculum.  However, our understanding of US training generally still faces 
several limitations and unanswered questions. Primarily,   there are no formal data on residents who 
have graduated from institutions offering ultrasound training elucidating which aspects of the 
ultrasound curriculum they have found most helpful to their training and which aspects were not.  
Additionally, all the curricula that have been published to date, including USC SOM, are based on the 
emergency medicine ACGME guidelines or were in part developed with the aid of an accredited 
emergency medicine physician.  Therefore, it is unclear whether the undergraduate training in US is 
equally effective for all specialties or if additional competencies should be included to better address the 
needs of the various specialties into which medical students will matriculate. Last, it is not clear if there 
is a difference of opinion about which competencies should be emphasized in the undergraduate 
curriculum, based on various levels of training and expertise.  We have conducted this one time cross 
sectional survey study in order to begin addressing these questions.   
To date, to our knowledge, no one has performed a needs assessment n the state of North 
Carolina to determine which US based skills are most useful to residents, fellows or attending physicians 
in various specialties; further, there are no data describing resident and physician attitudes about 
specific US competencies for integration into the medical student curriculum.  There are currently two 
formal education opportunities to teach medical students ultrasound at the UNC SOM (University of 
North Carolina at Chapel Hill School of Medicine).  US is currently offered as an elective course during 
the fourth year of medical school and also as part of a nine month integrated curriculum in the CLIC 
Program (Charlotte Longitudinal Integrated Curriculum) in Charlotte, NC- a branch campus of UNC SOM.  
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Both courses are offered and taught by the Carolina’s Medical Center Emergency Department faculty 
and residents. Our hope is that this study will promote increased integration of ultrasound into the UNC 
SOM curriculum based on current needs and also provide some data for the development of national 
guidelines for the training of medical students in ultrasound in the future.   
METHODS  
Study Design 
 
From April, 2015 to May, 2015 we conducted a prospective observational survey study of 79 
residents, fellows and attending physicians at UNC-Chapel Hill Hospitals (University of North Carolina at 
Chapel Hill).  The web-based survey instrument was developed and administered via computer or hand 
held device using Qualtrics® Software, supported by the Odum Institute at the University of North 
Carolina at Chapel Hill. All study participants responded to the same survey instrument.  The survey 
components were generated using the current ACGME training guidelines for point of care ultrasound 
for emergency medicine resident physicians and further developed under the guidance of two 
Emergency Medicine faculty certified by the American College of Emergency Medicine at CMC 
(Carolina’s Medical Center), who had also aided in the development and teaching of the US curriculum 
currently offered to UNC Medical Students.  The survey was piloted with 8 medical students, one PhD 
candidate, and five faculty from the departments of emergency medicine, pediatrics and biostatistics 
and epidemiology at UNC and CMC for wording and consistency.  Free response fields were not analyzed 
for the purposes of this paper, however, future publication plans include the incorporation of 
substantive analysis of the free text responses by Dr. Margaret Lewis, US expert.  
Study Participants, Inclusion, and Exclusion Criteria  
A total of 80 respondents participated in our study, 79 of whom were included for analysis.  
Inclusion criteria were being a resident, fellow or attending physicians at UNC Hospitals or affiliated 
sites.  Exclusion criteria included being a medical student, non-physician responder, or being a physician 
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responders from the departments of radiology and psychiatry because of their specialized training in 
ultrasound or their infrequent use in clinical duties respectively.   One medical student did complete the 
questionnaire, and this person’s responses were excluded, leaving a final N of 79. 
Recruitment  
  An email message sent by this study’s advisor, Dr. Sue Tolleson-Rinehart, and the Emergency 
Medicine Residency Program Director, Dr. Kevin Biese, was sent to all department chairs or residency 
directors, with the exception of radiology and psychiatry, endorsing the study and encouraging 
participation.   The message introduced  the principal investigator, Sara Obeid, a third year medical 
student and Master of Public Health candidate. The message included a copy of the IRB approved 
recruitment email with the survey link embedded within it (see Appendix 1).  The PI subsequently 
emailed the department chairs and residency program directors, requesting permission to disseminate 
the survey to relevant department email list serves via department secretaries.  Survey dissemination 
was not within the control of the study team, and it occurred in a variety of ways.  Variations on 
dissemination included the fact that the survey instrument was also forwarded to Wake Med Hospitals 
without the study team’s knowledge; 39 respondents had already completed the survey by the time we 
learned of its distribution at Wake Med.  After we learned of this, we modified the survey to allow for 
the capture of any other training sites or affiliated institutions to whom the survey might be passed 
along.     
Survey Instrument  
The survey instrument consisted of 33 items including multiple choice, multi answer and free 
text responses (Appendix 2).  Demographics collected were gender, location of training (UNC Hospitals, 
Carolina’s Health Systems, or other), specialty and designation. Participants were then asked whether 
they had previously received formal US training and the purpose of the training (exposure to US verses 
basic understanding of US concepts such as probe selection or proficiency in clinical practice with image 
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acquisition and interpretation).  For those who had prior US training, we sought additional information 
including when they received training (medical school, residency, both, or other), the length of training, 
ranging from less than one day to integrated throughout training, whether they found their training 
helpful, the most helpful aspects of that training, and what they wished they had learned but had not.  
We asked participants whether they felt that training medical students on US was valuable to the future 
practice of medicine in their fields.  We asked them a number of questions about what that training 
should include, including training in 7 competencies: basic cardiac exam, central line placement, 
peripheral line placement, basic abdominal pathology identification, basic genitourinary pathology 
identification, deep venous thrombosis identification and other.   We chose the competencies based on 
the ACEP’s (American College of Emergency Physicians) competency list for emergency medicine 
residents and in consultation with two emergency medicine physicians ("American College of Emergency 
Physicians: Emergency Medicine Ultrasound Guidelines; Policy Statement."38).    
For each category, participants were asked to determine the percentage of medical students 
who can perform these competencies with and without US as well as how often they performed these 
competencies during medical school and training with and without US.  Last, participants were asked 
how often they would need to perform each competency to become proficient using US.  Participants 
were also asked to write the number of times they would need to perform an US based procedure to 
obtain, interpret and teach acquisition of a particular US image or condition.  We also collected 
participants’ views about expectations for use of US in inpatient or outpatient practice.   
 
Data Analysis 
All statistical analyses were conducted using STATA® Software.  All variables were obtained from 
the survey instrument itself; we did not collect other forms of data, including patient data. We examined 
all data for completeness.   We examined independent and dependent variables’ means and standard 
deviations.  We assessed dependent variables for normal distribution and new variables were created to 
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account for skewed direction of magnitude from neutral.  Where appropriate, we assessed categorical 
and continuous dependent variables using chi square and t test respectively.  In this preliminary 
presentation of the data, we do not control for possible confounders. 
RESULTS 
 
A total of 79 resident, fellow, and attending physicians participated in this survey study with an 
overall response rate ranging from 7.9% (79 out of 1000) to 15.8% (79 out of 500); because the 
investigator team relied on chairs and program directors for dissemination of the survey, and could not 
control that dissemination, we can only offer this estimated range of response rates.  Participants were 
employees from UNC Hospitals in Chapel Hill or an affiliated hospital - Wake Med Hospitals in Raleigh, 
NC. Fifty-two (65%) of participants completed the survey and 28 (35%) began the survey but did not 
complete it. The majority of participants, 45, were female (61.6%); 52, or 65.8%, were  attending 
physicians, and 38, or 48.1%, were residents.  Residents were most likely either in their intern year or 
third year of training (PGY3- Post Graduate Year 3).  In addition, the majority of participants were from 
the departments of family medicine 26 (32.9), internal medicine 19 (24.0%) and pediatrics 21 (26.5%). 
Most of the participants in the study, as Table 1 makes clear, had never received formal US 
training and the slightly more than a third who had reported that it was more likely mandatory  and 
more likely to have occurred during residency.  Those who received ultrasound training were asked to 
choose from three options describing the purpose of their US training as follows: “understanding of 
basic US concepts such as probe selection, exposure to broad US concepts and techniques such as 
transducer mechanics or proficiency in clinical practice such as obtaining and interpreting bedside US 
images” (See Appendix 2).  VirtualllyVirtually all respondents – more than 80% -- chose to describe the 
purpose of their US training as “understanding,”, rather than as exposure or proficiency.  Respondents 
were more likely to report that their training duration was at the extremes – less than a day on the one 
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hand, or integrated throughout their training on the other – than they were to recall having been 
exposed to training of some intermediate length.   
Table 1 about here.  
In two separate parts of the survey we asked respondents to think about future expectations for 
medical students, and current expectations for residents and fellows.  We separated the sets of 
questions, and presented them somewhat differently, to reduce the possibility of response set bias.  
Fifty seven, or  81.4% out of 70 respondents who answered the question thought that training medical 
students to apply basic ultrasound techniques will be an important requirement for the future practice 
of medicine in their respective fields.  Of those respondents, 36 (63.2%) did not report having had prior 
US training, while 21 (36.8%) did report that they themselves had been trained.  Our questions about 
expectations for residents and fellows also helped establish a kind of baseline of current expectations in 
our hospital.  Medical students and residents/fellows were compared on the basis of the following 
procedures: basic cardiac exam, central line placement, peripheral line placement, basic abdominal 
pathology identification and deep venous thrombosis identification.  We asked whether medical 
students of the future should be competent in basic genitourinary pathology identification, but did not 
ask about this competency for residents and fellows.  We asked whether residents and fellows should be 
competent in the use of US during a code blue, but we did not ask whether medical students should 
have this competency.  For all others, we can use the two sets of questions to make a straightforward 
comparison of expectations for the two groups of learners. 
Indeed, participants’ attitudes about future expectations for medical students and current 
expectations for residents and fellows varied dramatically.  Almost half of participants agreed that 
medical students should be proficient in US use for the basic cardiac exam but fewer than 10% had this 
expectation for residents and fellows; similarly, 39 (56.5%) reported US based competency in peripheral 
line placement for medical students but only 4 people (6.06%) emphasized this for residents and fellows.  
Commented [KB1]: Better to say “(table 1)” etc 
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More than half our respondents, 39 (55.7%),  reported that they expected required proficiency in basic 
abdominal pathology identification for medical students in the future, but only 6 (12.0%) emphasized it 
for residents and fellows today.  
Table 2 about here  
A total of 43 participants reported that they would need a mean of 44.3 (95% CI 36.2-52.3) 
repetitions in order to interpret an US image for a specific condition without assistance; respondents 
thought they would need fewer repetitions, a mean of 38.7 (95% CI 31.4- 45.9) to obtain an US at 
bedside without assistance for a specific condition.  Participants thought they would require 
somewharsomewhat more practice themselves, a mean of 53.0 (95% CI 44.1 - 61.9) repetitions, to teach 
another person how to interpret US images than they would need just to teach others how to get those 
images, 50.5 (95% CI 41.3 - 59.7) repetitions,  but it is noteworthy that respondents clearly see a need 
for much practice with US before they are ready to instruct others.   
Table 3 about here  
DISCUSSION  
 
Ultrasound currently comprises approximately 25% of all imaging studies performed, with 
increasing clinical and practical applications for traditional and non-traditional users (Kessler and 
Bhandarkar 401-408). Well established professional organizations such as the American College of 
Surgeons and the American College of Emergency Physicians advocate for both acquisition and 
interpretation of focused US by physicians (Bahner and Royall 206-213).Ultrasound has become the 
standard of care in a variety of procedures and, thus, our participants’ interest in more US training, and 
more expectations for its use in the future, is reflected in national drives to incorporate US into 
undergraduate medical education (Bahner and Royall 206-213). Residency program training curricula are 
already very saturated with high faculty costs and work hour limitations that may make teaching 
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focused ultrasonography in the undergraduate medical curriculum more feasible, especially given 
previously documented improvements in students’ ability to perform the physical exam, their 
understanding of anatomy and physiology, and their better clinical decision making after focused US 
training (Bahner and Royall 206-213). 
In our study, 57 ( 81.4% ) out of 70 respondents reported that training medical students to apply 
basic US techniques will be an important requirement for the future practice of medicine in their fields. 
Although opinions on incorporating US into medical education are overwhelmingly positive, curriculum 
development and implementation remain a challenge, particularly in the context of faculty training and 
development.  Our study confirms other studies that show faculty lack of familiarity with focused US 
(Bahner and Royall 206-213).  Only 21 (36.8%) of study participants reported having had prior US 
training, and the majority of respondents indicated that the duration of their training was less than one 
day.  Our respondents said they would need considerable practice to obtain an US image at bedside, 
38.7 repetitions (95% CI 31.4- 45.9), and even more practice before they would feel competent to 
interpret an image, 44.3 (95% CI 36.2-52.3).   Since the majority of respondents reported short interval 
US training, it is most probable that lack of exposure to focused US is prominent given the mean number 
of repetitions they felt were needed to achieve meaningful clinical data. Although the results mentioned 
above reflect responses from both residents and faculty, the overall percentage reporting 
substanatialsubstantial training is still quite low, parallel to the lack of faculty training and familiarity 
with focused US reported in the literature ((Bahner and Royall 206-213).  
Using residents and fellows as “controls” to establish a baseline for current practice in US in our 
hospital, we aimed to determine the value of certain US based procedures in daily clinical practice for 
future integration into the medical student curriculum.  The University of North Carolina at Chapel Hill’s 
hospital is an 805 bed academic center that comprises several general and dedicated hospitals such as 
the women’s, children’s and cancer hospitals; UNC Health Care includes over 1,700 faculty members in 
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the UNC School of Medicine alone.  Our participants, practicing and training in this complex setting, 
were well placed to consider future expectations.  As expected, a comparable percentage of participants 
reported that US use for central line placement is important for both medical students and 
residents/fellows  (33 [47.8%] vs 35 [54.7%]).  Surprisingly, 28 (40.6%) felt that central line placement 
using US will not be a proficiency required in the future for medical students; 23 (35.9%) reported that 
central line placement is not a current required proficiency for residents and fellows.  Although use of 
US for central line placement is a standard of practice in our hospital, the study findings may be 
explained by a relatively high volume of referrals to specialists for central line access. Additionally, 
central line access was not defined in our survey to specifically mean venous jugular entry, and 
respondents could have interpreted the term to mean subclavian, midline and other types of central 
access procedures that are usually inserted by interventional radiologists or central access teams.   
In terms of peripheral line placement, 39 (56.5%) of respondents felt that medical students will 
be required to demonstrate US based proficiency in the future, while only 4 (6.06%) expect it now for 
residents and fellows in current practice.  This is not surprising, as teaching objectives for students and 
residents often differ and in clinical practice at our institution, peripheral access is usually established by 
other health care personnel such as nurses and phlebotomy technicians.   Similarly, for basic abdominal 
pathology identification, 39 (55.7%) participants felt that medical students will be required to 
demonstrate US based proficiency in the future using US, 24 (34.3%) felt that it will not be required at 
all, while only 7 (10.0%) were unsure about its use.  Only 6 (12.0%) expect current proficiency with US 
and 20 (40.0%) expect proficiency without US, and 24 (48.0%) don’t expect proficiency at all, for 
residents and fellows today. Our best estimate is that these results are reflective of the current shifts in 
medical practice using US. For residents and fellows, inpatient services depend on radiologic expertise 
for obtaining and interpreting US, as the availability of hand held US in our hospital is limited.  
Additionally, the traditional physical exam and other imaging modalities such as CT scans are also 
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frequently used for abdominal pathology identification, with preference for the former in the outpatient 
setting.  Thus, participants may feel that the current practice environment doesn’t demand these skills 
from today’s residents and fellows, but they think medical students may gain both practical and deeper 
understanding of physiology via exposure to abdominal US.  Our results may also reflect different 
interpretations of the survey instrument where some respondents referred to lack of current proficiency 
to mean only US based as opposed to absolute proficiency as was intended.   
STUDY LIMITATIONS AND CONCLUSION  
Several limitations to our study arise from deviation from the survey dissemination protocol that 
makes our study susceptible to selection bias, reducing its external validity and magnitude of certainty.  
The survey was disseminated unevenly within each department, as were survey reminder messages.  
The variability in dissemination is reflective of the variation of structures within each department and 
illuminates the necessity of accounting for these variations when thinking of designing a curriculum by 
which medical students and residents can learn US.  Uneven distribution created selection bias, 
reflected in the uneven number of participants from each department, with some departments such as 
family medicine producing 26 participants, while the department of urology generated only one 
respondent.  The magnitude of certainty for the departments with a low number of participants makes it 
difficult to discern exactly which procedures and US skills are in greater need, however, they do help 
shed light on the fact that there are differences. We aim to reduce the amount of selection bias in our 
future studies.     
In terms of lower magnitude of certainty, it is evident from the results that some of the 
questions lack precision as they may be interpreted in various ways.  For example, 13 (29.6%) of 
participants reported that residents and fellows are not required to become proficient in managing a 
patient during a code blue situation while 30 (68.2%) reported that proficiency is required but without 
US.  It is possible that participants did not interpret “no proficiency required” to be in absolute terms 
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regardless of US, as we had intended.  We will aim to increase the precision of our questions in the 
future reiteration of our study in different UNC affiliated hospitals.   
In conclusion, this is the first study in North Carolina to examine physician and resident attitudes 
toward current training requirements for ultrasound for the purpose of designing an US curriculum to 
serve medical students in preparation for post graduate training.  Although the study had some 
limitations, we learned that the majority of respondents felt that US education for medical students will 
be essential in their field regardless of whether they themselves have received prior US training.  We 
have also gained insights into which US based procedures are currently meaningful to practicing 
clinicians, with some indication of challenges to a vertical US curriculum, including time constraints, 
faculty development, and hospital wide availability of hand held US devices.   
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TABLE 1 Study Participant Characteristics  
Variable Total N= 79 (%) 
Gender  N= 73 
  Male (ref) 27 (36.9) 
  Female  45 (61.6) 
  Prefer Not to Answer  1 (1.37) 
Location  N= 66 
   UNC- Hospitals 65 (98.48) 
   Carolinas Health Systems 0 
   Other*  1 
Specialty   
  Anesthesia 3 
  Emergency Medicine 3 
  Family Medicine 26 
  Internal Medicine 19 
  OB/GYN 6 
  Orthopedics 1 
  Pediatrics  21 
  PMNR~ 3 
  Neurology 1 
  Urology 1 
  OtherƸ 8 
Year in Training/Station  
  Attending Physician 52 (65.8) 
  Fellow Physician 2 
  Resident Physician  38 (48.1) 
     Intern/PGY1 14 (36.8) 
     PGY2 5 
     PGY3 14 (36.8) 
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     PGY4 1 
     Chief Resident 3 
  Subspecialist  1 
Previous US Training  N= 73 
   Yes 27 (36.9) 
   No  46 (63.0) 
Purpose of Prior US Training  N= 27 
   Exposure 2 (7.41) 
   Understanding 22 (81.5) 
   Proficiency  3 (11.1) 
Location of prior US Training  N=26 
   Medical School  1 (3.85) 
    Residency  16 (61.5) 
    Both  8 
    Other  1 
US Training Mandatory?  N= 26 
   Yes 16 (61.54) 
   No 
Length of prior US Training  
10 (38.46) 
   Less than 1 day 9 (34.62) 
  Less than 1 week  2 (7.69) 
Between 1-2 weeks 2 (7.69) 
Greater than 2 weeks Less than 1 mo 5 (19.2)   
 Greater than 1 mo Less than 6 mo 2 (7.7)   
  Integrated 6 (23.6)   
Notes: * Other: not currently in training; ~ PMNR: Physical …Rehabilitation; Ƹ Other: Medicine-Pediatrics 
(Med-Peds), Addiction Medicine, Pediatric Critical Care, Pediatric Emergency Medicine 
Table 2 Medical Student and Resident US based Proficiencies  
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Table 2 Comparison of expected ultrasound proficiencies for medical students verses residents/fellows 
US based procedure 
and/or competency  
Medical Student 
proficiency required in 
future  
 N (%) 
Residents/Fellows 
Proficiency required currently 
N (%) 
 Yes  No Unsure Yes with US Yes but 
without US 
Not 
required 
Basic Cardiac Exam* N= 69 N = 55 
 32 
(46.4) 
28 
(40.6) 
9 
(13.0) 
4        (7.27) 13       
(23.6) 
38       
(69.1) 
Central Line Placement* N= 69 N= 64 
 33 
(47.8) 
28 
(40.6) 
8       
(11.6) 
35  (54.7) 6        
(9.38) 
23       
(35.94) 
Peripheral Line Placement  N = 69 N= 66 
 39 
(56.5) 
23       
(33.3) 
7       
(10.1) 
4        (6.06) 16       
(24.2) 
46       
(69.7) 
Basic Abdominal Pathology 
Identification 
N= 70 N=50 
 39       
(55.7) 
24       
(34.3) 
7       
(10.0) 
6       (12.0) 20       
(40.0) 
24       
(48.0) 
Basic Genitourinary 
Pathology Identification 
N=70 - - - 
 23       
(32.9) 
33       
(47.1) 
14       
(20.0) 
- - - 
Deep Venous Thrombosis 
Identification 
N=68 N = 43 
 23       
(33.8) 
33       
(48.5) 
12       
(17.7) 
1        (2.33) 7   (16.3) 35       
(81.4) 
Code Blue  - - - N=44 
 - - - 1       (2.27) 30       
(68.2) 
13       
(29.6) 
*Definition of basic cardiac exam and specifics regarding port of entry for central line access were not 
provided for participants  
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Table 3 Number of necessary repetitions to achieve US based competency for specific clinical condition   
 N = 43 
Mean (CI) 
Interpret US image for a specific condition without 
assistance  
44.3 (36.2 - 52.3) 
Obtain an US at bedside without assistance for a 
specific condition 
38.7 (31.4- 45.9) 
Teach someone to interpret US image for a 
specific condition without assistance 
53.0 (44.1 - 61.9) 
Teach someone to obtain US image for a specific 
condition without assistance  
50.5 (41.3 - 59.7) 
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APPENDIX 1: EMAIL RECRUITMENT MESSAGE 
 
Dear Dr. XXXX 
       My name is Sara Obeid, a UNC MD/MPH candidate. I am writing you to ask for your help with 
participating in and disseminating a short survey for my master’s paper assessing residents’ and 
physicians’ previous and current experience with ultrasound training. Survey results will directly inform 
the development of ultrasound competencies for current medical students based on your collective 
departmental responses. 
 
The survey is IRB approved, anonymous, and does not require any personal information. The survey 
takes less than five minutes to complete using the following link: 
 
https://unc.az1.qualtrics.com/SE/?SID=SV_aXLA55U61P6zVC5 
 
If at all possible, would you please fill out the survey and encourage the residents and physicians in your 
departments to do so during your daily or weekly morning report/noon conferences etc. I have attached 
the full IRB recruitment email for your reference.  
 
Please do not hesitate to contact me at sara_obeid@med.unc.edu with any clarifications, questions or 
concerns.  
This research study is supported by Dr. Sue Tolleson-Rinehart, Dr. Kevin Biese, Dr. Emily MacNeill and Dr. 
Margaret Lewis from UNC-SOM and Carolina’s Medical Center in Charlotte.  
 
Thank you for your time, 
Sara Obeid 
MD/MPH Candidate, 2016 
Charlotte Longitudinal Program Participant 
UNC School of Medicine 
  
Sue Tolleson-Rhinehart, PhD 
Co-President of the Academy of Educators    
Departments of Pediatrics and Political Science 
UNC- Chapel Hill 
  
Kevin Biese, MD, MAT 
Associate Professor  
Emergency Medicine Residency Director 
Co-President of the Academy of Educators 
Department of Internal Medicine, Division of Geriatrics 
UNC- Chapel Hill 
  
Emily MacNeill, MD 
Pediatric Emergency Medicine Associate Fellowship Director 
Emergency Medicine Assistant Residency Director 
Emergency Department 
Carolinas Medical Center 
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Margaret Lewis, MD 
Emergency Medicine Ultrasound Faculty 
Emergency Department 
Carolinas Medical Center  
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APPENDIX 2: SURVEY QUESTIONS 
 
Q1 Where are you currently training?    
UNC Chapel Hill Hospitals (1) 
Carolinas Healthcare System (2) 
Other (3) ____________________ 
 
Q2 What is your specialty and designation? Check all that apply.  
(see table next page) 
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 Prelimina
ry Year 
(1) 
Inter
n (2) 
PGY
2 
(3) 
PGY
3 
(4) 
PGY
4 
(5) 
PGY
5 
(6) 
Chief 
Reside
nt (7) 
Fello
w (8) 
Subspecial
ist (9) 
Attendi
ng 
Physicia
n (10) 
Anesthesia 
(1) 
                    
Dermatology 
(2) 
                    
Emergency 
Medicine (3) 
                    
Family 
Medicine (4) 
                    
Internal 
Medicine (5) 
                    
Neurology 
(15) 
                    
OB/GYN (6)                     
Opatholmolo
gy (7) 
                    
Orthopedics 
(8) 
                    
Pathology 
(9) 
                    
Pediatrics 
(10) 
                    
PMNR (11)                     
Psychiatry 
(17) 
                    
Radiology 
(16) 
                    
Radiology 
Oncology 
(12) 
                    
Urology (18)                     
Medical 
Student (19) 
                    
Other (14)                     
Prefer not to 
answer (13) 
                    
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Q3 Are you...? 
 Male (1) 
 Female (2) 
 Prefer not to answer (3) 
 
Q4 Have you ever had formal ultrasound training?  
 Yes (1) 
 No (2) 
 
Q5 What was the educational goal of your ultrasound training?  
 Exposure to broad ultrasound concepts and techniques such as transducer mechanics (3) 
 Demonstrate understanding of basic ultrasound concepts such as probe selection (1) 
 Proficiency in clinical practice such as obtaining and interpreting bedside ultrasound images (2) 
 
Q6 When were you offered the formal ultrasound training?  
 Medical School (1) 
 Residency (2) 
 Both (4) 
 Other (3) ____________________ 
 
Q7 Was the formal ultrasound training you received mandatory? 
 Yes, it was mandatory (1) 
 No, it was optional (2) 
 
Q8 How long was the formal ultrasound training you received?  
 less than one day (8) 
 Less than one week (1) 
 One week to two weeks (2) 
 More than two weeks but less than a month (3) 
 More than a month but less than six months (4) 
 six months to a year (5) 
 More than a year (6) 
 Integrated into several years during all of my medical training (7) 
 
 
 
 
 
 25 
 
Q9 Did the formal ultrasound training you received benefit your current training needs?  
 Yes (1) 
 No (2) 
 
Q10 If you answered no, please briefly tell us why not.  
 
Q11 Please tell us what is the single most important thing that you would have liked to have learned 
about ultrasound. 
 
Q12 Please tell us what is the single most helpful thing you learned during your ultrasound training. 
 
Q13 Do you think training medical students to apply basic ultrasound techniques is going to be an 
important requirement for the future practice of medicine in your field? 
 Yes (1) 
 No (2) 
 Unsure (3) 
 
Q14 In your opinion, should medical students have proficiency in these ultrasound-guided procedures 
before they start residency?  
 Yes (1) No (2) Unsure (3) 
Basic Cardiac Exam (1)       
Central Line Placement 
(2) 
      
Peripheral Line 
Placement (3) 
      
Basic Abdominal 
Pathology Identification 
(4) 
      
Basic Genitourinary 
Pathology Identification 
(5) 
      
Deep Venous 
Thrombosis 
Identification (6) 
      
Other -- please name 
(7) 
      
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Q15 Other than those mentioned in the previous question, are there any other competencies medical 
students should demonstrate proficiency prior to beginning residency? 
Q16 In your opinion, are residents and fellows currently expected to be proficient in peripheral line 
placement before completing their training?  
 Yes, proficiency with ultrasound is required (1) 
 Yes, proficiency without ultrasound required (2) 
 No, proficiency is not required  (3) 
 
Q17 In reference to peripheral line placement, please mark the appropriate category in the scenarios 
below: 
 SEE TABLE AT END OF SURVEY 
Q18 In your opinion, are residents and fellows currently expected to be proficient in central line 
placement before completing their training? 
 Yes, proficiency with ultrasound is required (1) 
 Yes, proficiency without ultrasound required (2) 
 No, proficiency is not required  (3) 
 
Q19 In reference to central line placement, please mark the appropriate category in the scenarios 
below: 
 SEE TABLE AT END OF SURVEY 
Q20 In your opinion, are residents and fellows currently expected to be proficient in performing a basic 
cardiac exam* before completing their training?  
 Yes, proficiency with ultrasound is required (1) 
 Yes, proficiency without ultrasound required (2) 
 No, proficiency is not required  (3) 
 
Q21 In reference to the basic cardiac exam, please mark the appropriate category in the scenarios 
below:   
 SEE TABLE AT END OF SURVEY 
Q22 In your opinion, are residents and fellows currently expected to be proficient in assessing for 
abdominal pathology before completing their training? 
 Yes, proficiency with ultrasound is required (1) 
 Yes, proficiency without ultrasound required (2) 
 No, proficiency is not required  (3) 
 
Q23 In reference to assessing for abdominal pathology, please mark the appropriate category in the 
scenarios below: 
 SEE TABLE AT END OF SURVEY 
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Q24 In your opinion, are residents and fellows currently expected to be proficient in evaluating a patient 
during a code blue  before completing their training? 
 Yes, proficiency with ultrasound is required (1) 
 Yes, proficiency without ultrasound required (2) 
 No, proficiency is not required  (3) 
 
Q25 In reference to evaluating a patient during a code blue, please mark the appropriate category in the 
scenarios below: 
SEE TABLE AT END OF SURVEY 
Q26 In your opinion, are residents and fellows currently expected to be proficient in diagnosis of deep 
venous thrombosis before completing their training? 
 Yes, proficiency with ultrasound is required (1) 
 Yes, proficiency without ultrasound required (2) 
 No, proficiency is not required  (3) 
 
Q27 In reference to diagnosing deep venous thrombosis, please mark the appropriate category in the 
scenarios below: 
 SEE TABLE AT END OF SURVEY 
Q28 In your opinion, how many times would a physician need to use an ultrasound to feel confident in 
the following clinical scenarios:  
______ Interpret an ultrasound image for a specific condition without assistance (1) 
______ Obtain an ultrasound at bedside for a specific condition without assistance (2) 
______ Teach someone how to interpret an ultrasound image for a specific condition (3) 
______ Teach someone how to obtain an ultrasound image for a specific condition (4) 
Q29 During residency, was an ultrasound machine available for you to use in the following clinical 
settings: 
 Yes (1) No (2) I have not completed 
this rotation yet (3) 
Critical Care (excluding 
Emergency Medicine) 
(1) 
      
Emergency Medicine 
(2) 
      
Inpatient/ Wards (3)       
Outpatient Clinic (4)       
 
Q30 If you are a resident or a fellow, how many inpatient months have you worked thus far since you 
have begun your training? 
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Q31 Thinking about your future inpatient clinic practice, do you expect to have ultrasound available?  If 
so, do you think you will use it fairly regularly or not? 
 I expect ultrasound to be available in my inpatient practice, and I intend to use it (1) 
 I don't expect ultrasound to be available in my inpatient practice, but I would intend to use it if it 
were (2) 
 I don't intend to use ultrasound in my inpatient practice even if it is available (3) 
 I don't intend to practice in an inpatient setting (4) 
 
Q32 Thinking about your future outpatient clinic practice, do you expect to have ultrasound available?  If 
so, do you think you will use it fairly regularly or not?  
 I expect ultrasound to be available in my outpatient practice, and I intend to use it. (1) 
 I don't expect ultrasound to be available in my outpatient practice, but I would intend to use it if it 
were. (2) 
 I don't intend to use ultrasound in my outpatient practice even if it is available. (3) 
 I don't intend to practice in an outpatient setting. (4) 
 
Q33 In what areas, if any, would you like to have more ultrasound training? 
 I am interested in receiving more training in: (1) ____________________ 
 I am not interested in receiving more Ultra Sound training (2) 
 
Q34 We are done!  Thank you again for taking the time to answer!  If you would like to add any other 
comments, please add them below. 
 
Table below used in question numbers: 17, 19, 21, 23, 25, and 27.  
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 Less than 
5% (1) 
Between 
5-10% (2) 
Between 
11 - 25% 
(3) 
Between 
26- 49% 
(4) 
Between 
50 - 75% 
(5) 
Between 
76-99% 
(6) 
100% (7) 
What 
percentage 
of medical 
students 
do you 
think are 
proficient 
in 
performing 
this task 
with 
ultrasound 
guidance? 
(1) 
              
What 
percentage 
of medical 
students 
do you 
think are 
proficient 
in 
performing 
this task 
without 
ultrasound 
guidance? 
(2) 
              
What 
percentage 
of the time 
have you 
performed 
this task 
without 
ultrasound 
guidance 
during 
medical 
school? (5) 
              
What 
percentage 
of the time 
              
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have you 
performed 
this task 
with 
ultrasound 
guidance 
during 
medical 
school? (7) 
What 
percentage 
of the time 
have you 
performed 
this task 
with  
ultrasound 
guidance 
during 
residency? 
(4) 
              
What 
percentage 
of the time 
have you 
performed 
this task 
without  
ultrasound 
guidance 
during 
residency? 
(6) 
              
What 
percent of 
the time 
during 
residency 
do you 
need to 
perform 
this task 
with 
ultrasound 
guidance 
to become 
              
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proficient? 
(3) 
 
  
 32 
 
APPENDIX 3:  LIMITED SYSTEMATIC REVIEW 
INTRODUCTION 
 
The ACGME (Accreditation Council for Graduate Medical Education) have pioneered the 
incorporation of US into resident education by requiring residents to meet specific competencies in the 
fields of emergency medicine, internal medicine, radiology, and obstetrics-gynecology as applications for 
US have become more widespread (Bahner et al. 1681-1686).  In order to meet the competency 
requirements for residents, institutions must provide adequate training, support, funding and resources 
for faculty.  More recently, medical schools have begun experimenting with incorporating US 
undergraduate education as discussed above.  In the absence of national guidelines for training medical 
students, various institutions have been described in the literature ranging from a few hours, to four 
year curricula.  The ACGME Studies demonstrated that these programs are sought after and receive high 
satisfaction from medical students with improvements in their physical exams, basic science knowledge 
and clinical correlation to anatomy and physiology (Bahner et al. 1681-1686)).  
 
As mentioned previously, literature expounding on US training in undergraduate education is 
limited. We reviewed PubMed, Embase and other database per the search strategy outlined (See Figure 
3-1) and we initially excluded all articles but then modified the inclusion criteria.  Two other articles 
were excluded after full text reviews because they did not meet criteria defined in the PICOTS 
(Population, Intervention, Comparator, Timing, and Setting; table 3-2) listed below after modification. 
We also included the GRADE (Group Reading Assessment and Diagnostic Evaluation) assessment scale 
for all articles to determine strength of evidence (see table 3-3). Unfortunately, we have been unable to 
find any studies whose primary outcome was evaluating physician and resident feedback on specific 
aspects US training curricula to train medical students based on their clinical experience.  Only the study 
by Kessler & Bhandarkar was included after review as discussed below; however, it did not actually 
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address our main outcome of interest, and thus, we decided to use that article to answer two main 
questions: What is the current level of resident and physician US training? And what are/were the most 
helpful aspects of that training?   
In an effort to make our systematic review more comprehensive and applicable to our 
institution’s needs, we resorted to using portions of the excluded articles to answer one question that 
we felt was the most relevant for our curricular development: What are the barriers to developing an US 
curriculum?  Results of our findings are discussed below.   
METHODS 
Search Strategy 
 We designed a basic systematic search protocol depicted in Figure 3-1 for articles related to our 
topic of interest.  We did not exclude any study or publication design.  However, we are aware that 
ultrasound training in undergraduate medical education is relatively new to the field medicine amidst 
many developments in ultrasound availability and clinical utility.  Thus, we restricted our search to the 
last 10 years (2005-2015).  We conducted our search with the aid of the public health user services 
librarian who generated the search terms using Google Scholar, Embase, ERIC (Education Resources 
Information Center), PubMed, and Web of Science.    
TABLE 3-1 Search Terms about here  
Article Inclusion and Exclusion Criteria 
 Due to the absence of national guidelines for training medical students, we decided to include 
all study designs into our search strategy; we also did not exclude on the basis of publication status.  
Inclusion criteria:  study participants consisting of residents, physicians and medical students, 
assessment of the level of prior or current US training of participants, physician and resident input on 
undergraduate US curriculum, barriers to US curriculum, and most helpful aspects of US training. 
Exclusion criteria: studies that were conducted outside of the U.S., studies not written in English or were 
deemed irrelevant based on title or abstract.  We also excluded studies conducted prior to the year 
 34 
 
2005, studies that did not address resident and physician opinions on medical student US education, US 
competency or current level of training for physicians and residents not specified, without reference to 
method of curriculum development, lack of specific data on curriculum feedback and outcomes, as well 
as US curricula less than one month duration.   
Table 3-2 PICOTS Table about here  
Data Extraction  
 We used the GRADE system to systematically evaluate and rate the quality of the studies that 
were fully reviewed (Table 3-3). Based on the search strategy, we included 3 studies to systematically 
review for the following variables: population, study design, population, study question, independent 
variables, dependent variables, results, and bias.  
Tables 3-4 and 3-5 of included and excluded articles about here  
Article Included in Systematic Review 
 
The study by Kessler & Bhandarkar conducted a needs assessment of US training in the form of a 
survey questionnaire for third year medical student and internal medicine residents at the University of 
Illinois at Chicago.  There were a total of 203 participants, 40 residents and 163 medical students with an 
overall response rate of 81.8% (203 out of 248).  Residents had a response rate of 77.0% and students 
had a response rate of 83.2%.  Of the resident group, 42.5% were PGY (post graduate year) 2, 37.5% PGY 
3 and 20% unknown; all medical student respondents were in their third year of medical school.  
Responses to ultrasound use, competence, interest, and training on a 5- point Likert scale. 
Likert Scale table about here 
Study limitations include small sample size of residents and study design.  The study is a 
prospective observational study using a survey and not a randomized control trial and the study was 
conducted at only one institution.  In addition, there was a disproportionate number of student 
participants compared to residents, 163 and 40 respectively. Although the study had a good total 
response rate of 81.8%, it is possible that respondents who are interested in US were more likely to 
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respond, thus, positively skewing the results for favorable attitudes for US.  The study was conducted in 
one institution that was comprised of students and residents from a variety of areas in the United States 
and the world and is in that sense generalizable, however, but it cannot be compared to other 
institutions on the basis of training offered because the study lacked precision with defining previous US 
training.   
 
Excluded Articles  
 
A study by Bahner, Adkins and Hughes et al, titled outlined a four year integrated vertical 
curriculum at Ohio State University College of Medicine (OSU COM) and reported favorable outcomes.  
There were four aims of the curriculum: First- identifying appropriate ultrasound use, second- acquiring 
ultrasound images and videos, third: interpreting obtained US images accurately and fourth, 
demonstrating proficiency with using US findings in clinical decision making (Bahner et al. 6).  The study 
reported that students were given periodical quizzes and tests to assess their knowledge base, along 
with keeping a log of every US image taken with specific requirements for completion.  Additionally, 
students were offered self-paced online modules and YouTube® videos previously recorded by OSU 
COM faculty (Bahner et al. 6).   
While these measures seemed to be in line with the proposed aims of the curriculum, the 
testing items and online module content were not specified and in the absence of quantitative data, we 
felt that the study lacked precision and thus we were unable to determine the magnitude of certainty 
for the reported results.  Moreover, the study did not provide demographic data on the study 
participants and did not specify whether testing and evaluation was done with equal frequency and 
validity in all four years of instruction for adequate comparison.  The study then concluded that the 
vertical curriculum was a feasible and effective means for teaching bedside ultrasound, however, we 
were unable to draw the same conclusions based on the limited data provided (Bahner et al. 6).  Lastly, 
 36 
 
the study briefly mentioned that feedback from faculty in various departments was used in order to 
improve the curriculum, but specifics on method of feedback collection, implementation, and resulting 
outcomes after changes to the curriculum were not provided.   
Schnobrich, Glading, Olson et al. reported the results of a cross-sectional observational study 
consisting of a national survey administered to all members of the Association of Program Directors in 
Internal Medicine in 2012.  The study aimed to explore the perception of focused US based procedures 
in point of care assessments, existing curricula for teaching internal medicine residents focused US and 
barriers facing such efforts (Schnobrich et al. 498-502).  The study had an 11% response rate with 234 
out of 2200 electronic surveys distributed indicating potential lack of external validity.  The participant 
demographic information was not provided and the study did not clarify whether all program directors 
in the United States were members of the Association of Program Directors or if it was limited to 
academic institutions, which leaves a potential for selection bias as well.  Reported results showed a 
favorable response to point of care US with residents currently a 99% use of US for central line 
placement n=159, followed by 61% reporting thoracentesis (n=99); and 58% for paracenthesis (n=94) 
(Schnobrich et al. 498-502).  Interestingly, there were not any resident physicians who participated in 
the survey study, data was garnered from program directors and associate program directors only, and 
likely an over estimation of current use because only 45 (25%) out of 177 responders stated that they 
had a formal US curriculum for residents at their institution (Schnobrich et al. 498-502).   
 
Resident/Physician feedback on existing medical student US curriculum 
 
Kessler & Bhandarkar did not include any data on input from residents and physicians on 
existing medical student curriculum (Kessler and Bhandarkar 401-408).  Meanwhile, Bahner, Adkins and 
Hughes et al mentioned that they received feedback from various faculty in a several departments to 
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amend and improve the existing curriculum but did not elaborate on the method of data collection, data 
collected or changes that were made based on those recommendations (Bahner et al. 6) 
 
Level of Physician and Resident Physician US training  
 
Kessler & Bhandarkar survey of internal medicine residents demonstrated a positive attitude 
towards US with a high level of discomfort in regards to use and interpretation of US.  The authors’ 
findings are not surprising considering that only a mean of 0.70 ± 0.46 residents reported ever having 
had US training as compared to 0.49 ± 0.50 (p 0.028) of third year medical students.  In addition, 
residents reported low levels of competency using and interpreting US with mean of 2.38 ± 1.05 (p 
0.237) as compared to 2.30 ± 0.97 (p 0.260) observed competency. Of the residents who performed US 
in the past, mean self-reported competency was 2.55 (SD and p value not reported), compared to a 
mean of 1.78 (SD and p value not reported) of those who had not performed an US before. Residents’ 
low self-reported competence was mirrored by blinded examiners rating although results were not 
statistically significant.   
The study investigators asked respondents “Have you ever had any previous US training?” on 
the study survey, however, ‘US training’ was not explicitly defined. If responds had indeed received US 
training, data was not collected on the length of training received, or training components such as 
didactics, online modules etc.  Also, the study did not explore the potential confounding effect on length 
of time between received US training and survey administration on low rates of subjective competency 
on use and interpretation of U.S.  Although not statistically significant, the data trends in the same 
direction and is a helpful indicator that can serve as a starting point for more precise data collection in 
the future due to measurement bias from unequal measurement and decreased construct validity.  The 
survey item assessing competency was assessed on a 5 point Likert scale (very incompetent, somewhat 
incompetent, neither component nor incompetent, somewhat competent and very competent) using 
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the question “How competent do you feel in the use and interpretation of US?” (See table).  It is 
possible that the residents may have interpreted the meaning of “use and interpretation of US” in very 
variable and unpredictable ways including many different skill sets with which they did not feel 
competent including central line placement, evaluation of gallbladder inflammation, and assessing for 
deep venous thrombosis etc.  
In contrast, observed competency was determined using a single, well defined procedure.  
Participants were assessed on the ability to examine the abdominal aortic diameter using a hand-held 
Micromaxx US machine (Sonocite, Bothell, WA) and evaluated by a board certified emergency medicine 
physicians who was blinded to participant survey results using the a similar five point scale (See table).  
Perhaps if residents were assessed in a method that better reflects the general skills needed for “use 
and interpretation of US”, the results would have been more precise and statistically favorable.  Lastly, 
small sample size of 40 residents most likely contributed to the lack of statistically significant results.  
Most helpful aspects of US training  
 
In the observational study conducted by Kessler & Bhandarkar, internal medicine residents and 
medical students were asked to select from 11 applications in which sonography would be most helpful 
for future clinical practice based on American Board of Internal medicine’s list of graduation 
competencies.  0.90 ± 0.30, 0.70 ± 0.46, and 0.57 ± 0.50 percent of residents indicated that internal 
jugular central line placement, thoracentesis, and paracentesis were the most helpful US skills for their 
future practice of medicine respectively.  Conversely, a very low percentage of residents felt that US was 
helpful for liver biopsies (0.03 ± 0.16), liver imaging (0.22 ± 0.42), and peripheral line placement (0.28 ± 
0.45).  Overall, data trends for resident responses in general were either very negatively or positively 
skewed for each application.  Responses are most likely reflective of the clinical experience that internal 
residents had where they rated the most commonly used applications of US highest such as central line 
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placement, as opposed to more specialist dependent procedures such as liver biopsies (Kessler and 
Bhandarkar 401-408).   
On the other hand, medical students rated “renal/hydronephrosis” (0.71 ± 1.20), 
pregnancy/obstetrics (0.68 ± 0.47), and IV/arterial lines (0.60 ± 0.49) as the most useful applications for 
which to use US in the future (Kessler and Bhandarkar 401-408).  Unlike residents, medical student 
responses to most of the 11 US applications listed had a mean close to fifty percent.  Medical students 
reported that peripheral IV placement (0.45 ± 0.50), liver biopsy (0.47 ± 0.50), and paracentesis (0.53 ± 
0.50) were the least applicable US skills (Kessler and Bhandarkar 401-408). The differences between 
medical student and resident responses is most likely due to level of clinical experience.  The medical 
students were surveyed in the first half their third year after completing only some of their clinical 
requirements such as OB/GYN, which is why majority of the responses have about a 50 percent positive 
response rate with some percentages such as OB/GYN being higher.   
 
Barriers to US Curriculum Development & Enhancement 
 
In a four year vertical ultrasound program at Ohio State University College of Medicine (OSU 
COM), Bahner, Adkins and Hughes et al. reported that a major challenge to integrating technology based 
components into the curriculum is funding with portable US machines costing up to $60,000 dollars per 
machine compared to $10,000 for hand held ultrasound machines (Bahner et al. 6).  Similarly, 
Schnobrich, Gladding, Olson et al. reported that 234 respondents with a mean score of 2.82 out of 5 
reported that cost of ultrasound equipment was a barrier to development (Schnobrich et al. 498-502).  
Although handheld ultrasound machines provide a less technologic options, it may be a good alternative 
(Bahner et al. 6).  Additional sources of funding difficulties include faculty compensation (Schnobrich et 
al. 498-502; Bahner et al. 6).  OSU COM curriculum reduced costs by appointing one faculty member 
ultrasound program director with additional curricular input from faculty as a portion of their existing 
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teaching duties (Bahner et al. 6). Lastly, adding a new curriculum to an already over saturated schedule 
raises concerns regarding realistic time commitment to attain various levels of proficiency (Bahner et al. 
6).  Other barriers as reported by Schnobrich, Gladding, Olson et al. included lack of a predefined quality 
assurance and quality improvement process with a mean score of 2.22 out of 5, lack of national 
guidelines for curriculum development (2.21/5), fear of litigation (1.75/5) and lack of interest by 
residents (1.30/5) (Schnobrich et al. 498-502).   
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Table 3-1: Search and mesh terms generated for systematic review  
Database Search Terms Number of Articles 
Generated 
PubMed 
 
(education, medical[majr] OR 
students, medical[majr] OR 
schools, medical[majr] OR 
student*[ti] OR school*[ti] OR 
education*[ti] OR 
curriculum*[ti] OR residen*[ti]) 
AND (ultrasonography[mesh] OR 
ultrasound*[ti] OR ultrason*[ti]) 
 
Yielded 737 articles 
Embase:  
 
student*:ti OR school*:ti OR 
education*:ti OR curriculum*:ti 
OR residen*:ti OR competen*:ti 
AND (ultrasound*:ti OR 
ultrason*:ti) 
 
Yielded 622 results 
Web of Science and ERIC:  
 
(student* OR school* OR 
education* OR curriculum*OR 
residen*OR competen*) AND 
(ultrasound* OR ultrason*)   (IN 
TITLE FIELD) 
   
 
Yielded 247 results for WOS; 3 
for ERIC 
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Table 3-2: Inclusion and exlusion criteria for full text review of articles presented in PICOTS format.  
Variables Inclusion Exclusion 
Population residents/docs -Residents or physicians not 
included 
Intervention US training either past or 
present  
-US competency level or prior 
level of training not specified  
Comparator None/ No US training n/a  
Outcome  -Resident/Doc input on medical 
student curriculum 
- current level of training for 
res/docs  
- Barriers to curriculum 
-most helpful aspects of US 
training  
 
- no res/doc feedback on 
student curriculum or specific 
data on feedback/needs if 
applicable. 
-No reference to method of 
curriculum determination if 
applicable  
Timing 1 mo- 4 years duration of US 
curricula; all lengths included 
for observational/cohort/RCT 
studies.  
-Less than 1 month for curricula 
-no exclusions for surveys.  
Setting and Study Design  Article published between 
2005-2015 search parameters  
Prior to 2005 
+PICOTS: pop/intervention/comparator/timing/setting (yr)/study design 
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TABLE 3-3: GRADE QUALITY ASSESSMENTS 
 
GRADE TABLE: Outcomes – questions you want to answer, NOT main question!  
Study Experiment 
Type 
Study 
Quality 
Consistenc
y 
Directnes
s 
Data 
and 
Precisio
n 
Bias Final 
Quality 
Rating 
 
Kessler & 
Bhandark
ar 
 
Prospective 
Observation
al  
Good Consistent Direct Limited 
data 
reported 
(-1) 
Measureme
nt (-1) 
Low  
 
Bahner, 
Adkins, 
Hughes et 
al. 
 
Prospective 
non 
controlled 
cohort 
Limited 
informatio
n on 
Methods 
(-1) 
Consistent   Direct  Limited 
data 
reported 
(-1) 
Limited 
information 
on methods 
of data 
analysis, 
confounding
.  
Insufficie
nt  
 
Schnobric
h, 
Gladding, 
Olson et 
al.  
 
Prospective 
Observation
al  
 
Good 
 
Consistent 
 
Direct 
 
Adequat
e  
 
Potential for 
external and 
selection 
bias (-1) 
Moderate 
 
 
TABLE 3-4: ARTICLE INCLUDED IN SYSTEMATIC REVIEW  
Table 3-4: Article included after full text review 
Authors Yea
r 
 
Stud
y 
Desig
n 
Populati
on 
Study 
question  
Independ
ent 
Variables 
Depende
nt 
Variables 
Results Bias  
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Kessler & 
Bhandark
ar 
201
0 
Pros 
Obs 
N:40  
medicine 
residents
, N:163 
third yr. 
medical 
students 
Residents’ 
and 
medical 
students’ 
attitudes 
towards 
US use 
competen
ce, 
interest 
and 
training.  
 
Residents’ 
and 
medical 
students’ 
perceptio
ns 
regarding 
most 
useful US 
applicatio
ns for 
future 
clinical 
practice.  
1. Judge: 
  1.1 
Resident 
  1.2 
Medical   
Student 
2. US use 
3. US 
exposure  
4. 
Resident 
evaluated 
competen
cy  
1. Self- 
Reported 
competen
cy 
2. 
Attitude 
towards 
US 
3. 
Previous 
training in 
US 
4. Rating 
of US 
skills  
1. Most 
participant
s have seen 
an US 
performed 
2. 
Residents 
more likely 
to have 
performed 
an US 
themselves 
3. Self-
reported 
competenc
e in use 
and 
interpretati
on of US 
slightly 
lower 
among 
Residents 
than 
students.   
4. Resident 
competenc
y 
consistent 
with self-
assessment
.  
5. 
Residents 
more likely 
to report 
previous 
training.  
6. 
Participant
s found US 
helpful and 
would like 
more 
training.  
Measurem
ent bias 
due to 
unequal 
measurem
ent of 
exposure in 
survey 
verses 
observed 
competenc
y.  Also, 
decreased 
construct 
validity.  
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Table 3-5: Articles excluded after full text review 
Authors Yea
r 
 Study 
Design 
Populati
on 
Scenario Independ
ent 
Variables 
Dependent 
Variables 
Results Bias  
Bahner, 
Adkins, 
Hughes 
et al.  
201
3 
Prospecti
ve non 
controlle
d cohort  
N: 863 
Year 1 
through 
4 
medical 
students  
Integrate
d four 
year US 
curriculu
m 
designed 
to: 
1-identify 
appropri
ate US 
use 
2-acquire 
real time 
US 
images 
and 
video  
3)Interpr
et US 
findings 
4) Use US 
findings 
in clinical 
decision 
making  
1. 
Curriculu
m: 
1.1design, 
1.2aculty  
1.3 
support 
2. Medical 
student 
participan
ts 
 
1.Program 
eval: 
1.1 
monthly 
student 
quizzes/exa
ms 
1.2 student 
log  
 
Vertifical 
US 
curriculum 
feasible & 
effective 
method 
for 
teaching 
focused 
US. 
Limitation
s include 
funding, 
faculty 
training 
and 
incorporat
ing into 
saturated 
curriculum
.  
Unable 
to 
assess, 
outcom
es, 
analysis, 
data 
collectio
n 
method
s not 
clearly 
reporte
d.  
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Schnobri
ch, 
Gladding, 
Olson et 
al.  
201
3 
Member
s of the 
Associati
on of 
Program 
Directors 
for 
Internal 
Medicine 
N=234 
program 
directors
, 
associat
e 
program 
directors
, 
assistant 
program 
directors 
and 
faculty.  
National 
survey of 
members 
with 
aims to 
determin
e 
attitudes 
towards 
point of 
care US, 
current 
resident 
use of US 
for 
specified 
procedur
es and 
barriers 
to US 
curricula.  
1.participa
nt 
members
hip  
2. 
availability 
of US for 
residents 
3 existing 
US 
curricula 
at 
institution
s 
1.subjectiv
e 
usefulness 
of point of 
care US 
2. 
Evaluation 
of percent 
US used for 
specified 
procedures
. 
3. 
perceived 
barriers to 
US 
curriculums
.  
1.1. 
favorable 
attitudes 
towards 
point of 
care and 
US based 
procedure
s 
 
1.2  only 
few 
reported 
formal 
existing US 
curriculum 
for 
residents.  
 
1.3 
barriers 
included 
faculty pay 
training, 
and 
equipment 
cost.  
Potentia
l for 
selectio
n and 
low 
external 
validity.   
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Table 3-6 Report vs Observed competency Likert Scale  
 
Table- Internal Medicine Resident US Self-Reported vs. Observed Competency Likert Scale  
US Self-Reported Observed US Competency 
Very competent: more than 10 independent US 
performed without help or guidance; 
knowledgeable with US images.  
Very competent (5): no difficulty in identifying, 
scanning, or measuring  
Somewhat competent: witnessed multiple 
ultrasounds; more than five independent US 
performed without help or guidance.  
Somewhat competent (4): no difficulty in 
identification or scanning; unable to correctly 
determine aortic diameter.  
Neither competent or incompetent: witnessed US 
and have had brief US exposure with expert 
assistance; less than five independent 
ultrasounds performed.  
Neither competent nor incompetent (3): no 
difficulty in identification; difficulty in both 
scanning through the aorta and determining 
diameter.  
Somewhat incompetent: witnessed ultrasounds, 
but have never personally performed an 
ultrasound.  
Somewhat incompetent (2): difficulty in 
identification of the aorta; unable to scan or 
measure aortic diameter.  
Very incompetent: Never witnessed or laid hands 
on an ultrasound machine.  
Very incompetent (1): unable to identify, scan, or 
measure the aorta.  
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FIGURE 3-1: ONLINE SEARCH STRATEGY  
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